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MULTI-PURPOSE WELL BORES AND METHOD FOR ACCESSING 
A SUBTERRANEAN ZONE FROM THE SURFACE 



TECHNICAL FIELD OF THE INVENTION 

Present invention relates generally to accessing a subterranean zone from the 
surface for production and/or injection of gas or other fluids, and more particularly to 
multi-purpose well bores and method for accessing a subterranean zone from the 
surface. 
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BACKGROUND OF THE INVENTION 

Subterranean deposits of coal, shale and other formations often contain 
substantial quantities of methane gas. Vertical wells and vertical well patterns have 
been used to access coal and shale formations to produce the methane gas. More 
5 recently, horizontal patterns and interconnected well bores have also been used to 
produce methane gas from coal and shale formations and/or to sequester carbon 
dioxide. 
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SUMMARY OF THE INVENTION 

Multi-purpose well bores and method for accessing a subterranean zone from 
the surface are provided. In a particular embodiment, a set of multi-purpose well 
bores is provided that each extend from a surface to a subterranean zone, is coupled to 
5 a subterranean pattern in the zone formed at least substantially through another one of 
the multi-purpose well bores, and is used to at least substantially form a subterranean 
pattern in the zone for another one of the multi-purpose well bores. 

In accordance with one embodiment of the present invention, a well system 
includes at least two well bores extending from a surface to a subterranean zone. 

10 Each of the two well bores is used to form a well bore pattern for the subterranean 
zone that intersects the other well bore and transports fluid from the subterranean 
zone to the other well bore for production to the surface. In addition, each of the two 
well bores is operable to collect fluids transported to the well bore by the well bore 
pattern formed through the other well bore for production to the surface. 

15 Technical advantages of one or more embodiments may include providing a 

well system with two or more multi-purpose well bores. Each multi-purpose well 
bore may be used to produce gas and other fluids collected by a subterranean pattern 
that is coupled to the multi-purpose well bore as well to form a disparate subterranean 
pattern that is coupled to another multi-purpose well bore and has collected fluids 

20 produced by the other multi-purpose well bore. In a particular embodiment, a pair of 
dual purpose well bores are each used to form a substantially horizontal drainage 
pattern in a subterranean zone for the other dual purpose well bore and to produce gas 
and other fluids collected by a disparate substantially horizontal drainage pattern 
connected to the dual purpose well bore. Utilizing the wells for multiple purposes 

25 may reduce or limit wells needed for a project and accordingly reduce drilling costs 
and time. As a result, use of capital per field may be reduced. In addition, an 
accelerated rate of return may be provided for a given investment in a field. 

The above and elsewhere describe technical advantages may be provided 
and/or evidenced by some, all or none of the various embodiments. In addition, other 

30 technical advantages may be readily apparent from the following figures, descriptions, 
and claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 illustrates one embodiment of a well system with a first well bore 
being used to form a subterranean pattern for a second well bore; 

FIGURE 2 illustrates the well system of FIGURE 1 with the first well bore 
5 being used to form the subterranean pattern for the second well bore in accordance 
with another embodiment; 

FIGURE 3 illustrates one embodiment of the well system of FIGURE 1 with 
the second well bore being used to form a subterranean pattern for the first well bore; 

FIGURES 4A-B illustrate various embodiments of production from the 
10 subterranean zone through the first and second well bores of the well system of 
FIGURE 3; 

FIGURE 5 illustrates one embodiment of the subterranean patterns of the well 
system of FIGURE 3; 

FIGURE 6 illustrates one embodiment of a method for forming a well system 
1 5 with multi-purpose well bores; and 

FIGURE 7 illustrates another embodiment of the subterranean patterns of the 
well system of FIGURE 3. 



DAL01:756977.1 



ATTORNEY'S DOCKET 
067083.0215 



5 



PATENT APPLICATION 



DETAILED DESCRIPTION OF THE INVENTION 

FIGURE 1 illustrates an embodiment of formation of a well system 10 for 
enhanced access to a subterranean, or subsurface zone. In this embodiment, the 
subterranean zone is a coal seam. The subterranean zone may be other suitable types 
5 of zones accessed to produce hydrocarbons such as methane gas and other products, 
to store or process fluids or for other purposes. For example, the subterranean zone 
may be a shale or other carbonaceous formation. 

Referring to FIGURE 1, the well system 10 includes a first well bore 12 and a 
second well bore 32 extending from the surface 14 to a target coal seam 15. The first 

10 and second well bores 12 and 32 intersect, penetrate and continue below the coal 
seam 15. The first and second well bores 12 and 32 may be lined with a suitable well 
casing 16 that terminates at or above the level of the coal seam 15. The first and 
second well bores 12 and 32 may be substantially vertical or non-articulated in that 
they allow sucker rod, Moineau and other suitable rod, screw and/or other efficient 

15 bore hole pumps or pumping system to lift fluids up the bore to the surface 14. Thus, 
the first and/or second well bores 12 and 32 may include suitable angles to 
accommodate surface 14 characteristics, geometric characteristics of the coal seam 
15, characteristics of intermediate formations and may be slanted at a suitable angle or 
angles along their length or parts of their length. In particular embodiments, the first 

20 well and/or second bores 12 and 32 may slant up to 35 degrees along their length or in 
sections but not themselves be fully articulated to horizontal. The first and second 
well bores 12 and 32 as well as other well bores may each be substantially uniform in 
size and shape, differ suitably along their length, be formed in a single drilling 
operation, or be otherwise suitably formed. 

25 The first and second well bores 12 and 32 may be logged either during or after 

drilling in order to closely approximate and/or locate the exact vertical depth of the 
coal seam 15. As a result, the coal seam 15 is not missed in subsequent drilling 
operations. In addition, techniques used to locate the coal seam 15 while drilling may 
be omitted. The coal seam 15 may be otherwise suitably located. 

30 A first cavity 20 is formed in the first well bore 12 in or otherwise proximate 

to the coal seam 15. A second cavity 34 is formed in the second well bore 32 in or 
otherwise proximate to the coal seam 15. As described in more detail below, the 
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cavities 20 and 34 are enlarged areas of the bore holes and may provide a point for 
intersection of each of the first and second well bores 12 and 32 by distinct articulated 
well bores used to form an associated well bore pattern in the coal seam 15. The 
enlarged cavities 20 and 34 may also provide a collection point for fluids drained 
5 from the coal seam 15 during production operations and may additionally function as 
a down hole gas/water separator and/or a surge chamber. In other embodiments, the 
cavities 20 and 34 may be omitted. 

The cavities 20 and 34 may have any suitable configuration. In one 
embodiment, the cavities 20 and 34 each have an enlarged radius of approximately 

10 eight feet and a vertical dimension that equals or exceeds the vertical dimension of the 
coal seam 15. In another embodiment, the cavities 20 and 34 may have an enlarged 
substantially rectangular cross section for intersection by an articulated well bore and 
a narrow width through which the articulated well bore passes. In these 
embodiments, the cavities 20 and 34 may be formed using suitable under-reaming 

1 5 techniques and equipment such as a dual blade tool using centrifugal force, ratcheting 
or a piston for actuation, a pantograph and the like. The cavities 20 and 34 may be 
otherwise formed by suitable tracing and the like. A portion of the first well bore 12 
may continue below the cavity 20 to form a sump 22 for the cavity 20. A portion of 
the second well bore 32 may likewise continue below the cavity 34 to form a sump 36 

20 for the cavity 34. 

In the embodiment illustrated in FIGURE 1, the second well bore 32 is offset a 
sufficient distance from the first well bore 12 at the surface 14 to permit articulated 
well bores with large radius curved sections to be drilled between the well bores 12 
and 32. An articulated well bore is any suitable bore extending from a well bore 

25 having a first orientation to another substantially disparate orientation or other 
suitable deviated well bore. To provide the curved portion with a radius of 100-800 
feet, the second well bore 32 may be offset a distance of about 300 to about 2000 feet 
from the first well bore 12. This spacing may reduce or minimizes the angle of the 
curved portion to reduce friction in each articulated well bore during drilling 

30 operations. As a result, reach of the drill string through the articulated well bores 40 
is increased and/or maximized. In another embodiments, the second well bore 32 
may be located otherwise at the surface with respect to the first well bore 12. 

DAL01:756977.1 



ATTORNEYS DOCKET 
067083.0215 



PATENT APPLICATION 



7 

A first articulated well bore 40 is kicked-off the second well bore 32 above to 
cavity 34 and/or coal seam 15. A packer or plug 38 may be positioned in the second 
well bore 12 to prevent drilling fluid and debris from entering the cavity 34. In one 
embodiment, the first articulated well bore 40 is drilled using a drill string 50 that 
5 includes a suitable down-hole motor and bit 52. A measurement while drilling 
(MWD) device 54 may be included in the articulated drill string 50 for controlling the 
orientation and direction of the well bore drilled by the motor and bit 52. The 
articulated well bore 40 may be kicked off the second well bore 32 with a whipstock 
42, other tool or drilling technique. 

10 After the first cavity 20 of the first well bore 12 has been intersected by the 

first articulated well bore 40, drilling of the articulated well bore 40 is continued 
through the cavity 20 with drill string 50 to provide a first subterranean well bore 
pattern 60 in the coal seam 15 that is connected or otherwise coupled to the first well 
bore 12. In other embodiments, the first well bore 12 and/or cavity 20 may be 

15 otherwise positioned relative to the first well bore pattern 60. For example, in one 
embodiment, the first well bore 12 and cavity 20 may be positioned toward an end of 
the well bore pattern 60. Thus, the first well bore 12 and/or cavity 20 may be 
positioned within the pattern 60 at or between sets of laterals. Also, pattern 60 may 
be otherwise suitably formed or connected to the cavity 20. The first pattern 60 is in 

20 the coal seam 15 when a majority, substantially all or other substantial portion, is in 
the seam such that fluids may be transported from or to the seam by the pattern 60. 

The first well bore pattern 60 may be substantially horizontal corresponding to 
the geometric characteristics of the coal seam 15. The well bore pattern 60 may 
include sloped, undulating, or other inclinations of the coal seam 15 or other 

25 subterranean zone. During formation of the well bore pattern 60, gamma ray logging 
tools and conventional MWD devices may be employed to control and direct the 
orientation of the drill bit 52 to retain the well bore pattern 60 within the confines of 
the coal seam 15 and to provide substantially uniform coverage of a desired area 
within the coal seam 15. 

30 In one embodiment, as described in more detail below, the drainage pattern 60 

may be an omni-directional well bore pattern operable to intersect a substantial or 
other suitable number of fractures in the area of the coal seam 15 covered by the 
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pattern 60. The drainage pattern 60 may intersect a significant number of fractures of 
the coal seam 15 when it intersects a majority of the fractures in the coverage area and 
plane of the pattern 60. In other embodiments, the drainage pattern 60 may intersect a 
minority percentage of the fractures or a super majority percentage of the fractures in 
5 the coverage area and plane of the pattern 60. The coverage area may be the area 
between the well bores of the pattern 60. 

The first subterranean pattern 60 may be a pinnate pattern, other suitable 
multi-lateral or multi-branching pattern, other pattern haying a lateral or other 
network of bores or other patterns of one or more bores with a significant percentage 

10 of the total footage of the bores having disparate orientations. The percentage of the 
bores having disparate orientations is significant when twenty-five to seventy-five 
percent of the bores have an orientation at least twenty degrees offset from other bores 
of the pattern. In a particular embodiment, the well bores of the pattern 60 may have 
three or more main orientations each including at least 10 percent of the total footage 

15 of the bores. For a pinnate pattern, the lateral bores may become successively shorter 
as the pattern progresses out from the cavity or well that is intersected. In addition, 
the distance from the intersected well bore to the distal end of each lateral through the 
lateral and main bore may be substantially equal. 

During the process of drilling the well bore pattern 60, drilling fluid or "mud" 

20 may be pumped down the drill string 50 and circulated out of the drill string 50 in the 
vicinity of the bit 52, where it is used to scour the formation and to remove formation 
cuttings. The cuttings are then entrained in the drilling fluid which circulates up 
through the annulus between the drill string 50 and the walls of first articulated well 
bore 40 and the second well bore 32 until it reaches the surface 14, where the cuttings 

25 are removed from the drilling fluid and the fluid is then recirculated. To prevent over- 
balance drilling conditions during formation of the well bore pattern 60, air 
compressors 62 may be provided at the surface 14 to circulate compressed air down 
the first well bore 12 and back up through the first articulated well bore 40. The 
circulated air will admix with the drilling fluids in the annulus around the drill string 

30 50 and create bubbles throughout the column of drilling fluid. This has the effect of 
lightening the hydrostatic pressure of the drilling fluid and reducing the down-hole 
pressure sufficiently that drilling conditions do not become over-balanced. Aeration 
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of the drilling fluid reduces down-hole pressure to less than the pressure of the 
hydrostatic column. For example, in some formations, down-hole pressure may be 
reduced to approximately 150-200 pounds per square inch (psi). Accordingly, low 
pressure coal seams and other subterranean resources can be drilled without 
5 substantial loss of drilling fluid and contamination of the resource by the drilling 
fluid. 

Foam, which may be compressed air mixed with water or other suitable fluid, 
may also be circulated down through the drill string 50 along with the drilling mud in 
order to aerate the drilling fluid in the annulus as the first articulated well bore 40 is 

10 being drilled and, if desired, as the well bore pattern 60 is being drilled. Drilling of 
the well bore pattern 60 with the use of an air hammer bit or an air-powered down- 
hole motor will also supply compressed air or foam to the drilling fluid. In this case, 
the compressed air or foam which is used to power the down-hole motor and bit 52 
and exits the drill string 50 in the vicinity of the drill bit 52. However, the larger 

15 volume of air which can be circulated down the first well bore 12 permits greater 
aeration of the drilling fluid than generally is possible by air supplied through the drill 
string 50. 

FIGURE 2 illustrates underbalanced formation of the first articulated well 40 
in the well system 10 in accordance with another embodiment. In this embodiment, 

20 after intersection of the cavity 20 by the first articulated well bore 40, a Moineau or 
other suitable pump 64 is installed in the cavity 20 to pump drilling fluid and cuttings 
to the surface 14 through the first well bore 12. This eliminates or reduces both the 
head pressure and the friction of air and fluid returning up the first articulated well 
bore 40 and reduces down-hole pressure to nearly zero. Accordingly, coal seams 15 

25 and other subterranean resources having ultra low pressures below 150 psi can be 
accessed from the surface 14. Additionally, the risk of combining air and methane in 
the well may be eliminated or reduced. 

FIGURE 3 illustrates formation of a second articulated well bore 80 in the 
well system 10. In the illustrated embodiment, the second articulated well 80 is 

30 formed off of the first well bore 12. Designation of first and second herein are 
provided for convenience to distinguish between elements of the same or similar type 
and do not necessarily designate order of formation or association between objects. 
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Thus, for example, the second articulated well 80 may be formed immediately after 
the first well bore 12 is formed, and before formation of the second well bore 32 and 
the first articulated well 40. In such an embodiment, the second cavity 34 may be 
formed through the second articulated well 80 for intersection of the first well bore 32 
5 or the second cavity 34 may be formed in the first well bore 32 to connect already 
drilled well bores 32 and 80. As previously described, the cavity may be omitted. 

Referring to FIGURE 3, after formation of the first articulated well 40 and 
associated first subterranean pattern 60 are completed, the drilling rig may again be 
positioned over the first well bore 12 for formation of the second articulated well bore 

10 80. A packer 38 may be placed in the first well bore 12 between the first cavity 20 
and the kick-off point for the second articulated well 80 to prevent cuttings from 
settling in the cavity 20 and sump 22. A whipstock 42 may be used to kick-off the 
second articulated well 80. 

The second articulated well 80 may be substantially similar to the first 

15 articulated well 40 and include a curved or radiused portion and a substantially 
horizontal portion. The substantially horizontal portion, in one embodiment, 
intersects the second cavity 34 of the second well bore 32. As described in 
connection with a first articulated well bore 40, the substantially horizontal portion of 
the second articulated well bore 80 may be formed to any suitable angle relative to the 

20 surface 14 and the curved or radiused portion may directly intersect the cavity 34. 
The curved or radiused portion of the second articulated well bore 80 may in one 
embodiment have the same or similar radius to that of the first articulated well bore 
40. 

The second articulated well bore 80 may be drilled using the drill string 50 
25 that includes the down-hole motor and bit 52 as well as the MWD device 54 described 
in connection with formation of the first articulated well bore 40. After the second 
cavity 34 of the second well bore 32 has been intersected by the second articulated 
well bore 80, drilling is continued through the cavity 32 with the drill string 50 to 
provide a second subterranean well bore pattern 90 in the coal seam 15. In other 
30 embodiments, the second well bore 32 and/or cavity 34 may be otherwise positioned 
relative to the second well bore pattern 90 and the second articulated well 80. 
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The second well bore pattern 90 may be substantially horizontal corresponding 
to the geometric characteristics of the coal seam 15. The second well bore pattern 90 
may be drilled in and under-balanced or other suitable state as described in connection 
with the first well bore pattern 60. The second well bore pattern 90 may be a pinnate 
5 pattern, other suitable multi-lateral or multi-branching pattern or other pattern having 
a lateral or other network of bores, or other pattern of one or more bores with a 
significant percentage of the total footage of the bores having disparate orientations. 

FIGURES 4A-B illustrate production of gas and other fluids from the coal 
seam 15 to the surface using the well system 10 in accordance with several 

10 embodiments of the present invention. In particular, FIGURE 4A illustrates the use 
of gas lift to produce fluids from the coal seam 15. FIGURE 4B illustrates the use of 
a rod pump to produce fluids from the coal seam 15. In one embodiment, production 
may be initiated by gas lift to clean out the cavity 20 and kick-off production. After 
production kick-off, the gas lift equipment may be replaced with a rod pump for 

15 further removal of fluids during the life of the well. Thus, while gas lift may be used 
to produce fluids during the life of the well, for economic reasons, the gas lift system 
may be replaced with a rod pump for further and/or continued removal of fluids from 
the cavity 20 over the life of the well. In these and other embodiments, evolving gas 
disorbed from coal in the seam 15 and produced to the surface 14 is collected at the 

20 well head and after fluid separation may be flared, stored or fed into a pipeline. 

Referring to FIGURE 4A, after the first and second well bores 12 and 32, and 
the first and second well bore pattern 60 and 90 have been drilled, a tubing string 100 
may be disposed in each well bore 12 and 32 with a port 102 positioned in the 
corresponding cavity 20 and 34. Each cavity 20 and 34 provides a reservoir for water 

25 or other fluids collected through the corresponding drainage pattern 60 and 90 from 
the coal seam 15. In one embodiment, the tubing string 100 may be a casing string 
for a rod pump to be installed after the completion of gas lift and the port 102 may be 
the intake port for the rod pump. In this embodiment, the tubing may be, for example, 
a 2 7/8 tubing used for a rod pump. It will be understood that other suitable types of 

30 tubing operable to carry air or other gases or materials suitable for gas lift may be 
used. 
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At the surface 14, one or more air compressors 104 are connected to each 
tubing string 100. Air compressed by the compressors 104 is pumped down each 
tubing string 100 and exits into the corresponding cavity 20 and 34 at the port 102. 
The air used for gas lift and/or for the previously described under balanced drilling 
5 may be ambient air at the site or may be or include any other suitable gas. For 
example, produced gas may be returned to the cavity and used for gas lift. In the 
cavities 20 and 34, the compressed air expands and suspends liquid droplets within its 
volume and lifts them to the surface. In one embodiment, for shallow coal beds 15 at 
or around one thousand feet, air may be compressed to three hundred to three hundred 

10 fifty psi and provided at a rate of nine hundred cubic feet per minute (CFM). At this 
rate and pressure, the gas lift system may lift up to three thousand, four thousand or 
five thousand barrels a day of water to the surface. 

At the surface, air and fluids from each well bore 12 and 32 are fed into a fluid 
separator 106. Produced gas and lift air may be outlet at air/gas ports 108 and flared 

15 while remaining fluids are outlet at fluid ports 110 for transport or other removal, 
reinjection or surface runoff. It will be understood that water may be otherwise 
suitably removed from the cavities 20 and 34 and/or patterns 60 and 90 without 
production to the surface 14. For example, the water may be reinjected into an 
adjacent or other underground structure by pumping, directing or allowing the flow of 

20 the water to the other structure. 

During gas lift, the rate and/or pressure of compressed air provided to the 
cavities 20 and 34 may be adjusted to control the volume of water produced to the 
surface. In one embodiment, a sufficient rate and/or pressure of compressed air may 
be provided to the cavities 20 and 34 to lift all or substantially all of the water 

25 collected by the cavities from a coal seam 15. This may provide for a rapid pressure 
drop in the coverage area of the coal seam 15 and allow for kick-off of the wells 12 
and 34 to self-sustaining flow within one, two or a few weeks. In other embodiments, 
the rate and/or pressure of air provided may be controlled to limit water production 
below the attainable amount due to limitations in disposing of produced water and/or 

30 damage to the coal seam 15 or equipment by high rates of production. In a particular 
embodiment, a turbidity meter may be used at the well head to monitor the presence 
of particles in the produced water. If the amount of particles is over a specified limit, 
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a controller may adjust a flow control valve to reduce the production rate. The 
controller may adjust the valve to specific flow rates and/or use feedback from the 
turbidity meter to adjust the flow control valve to a point where the amount of 
particles in the water is at a specified amount. 
5 Referring to FIGURE 4B, a pumping unit 120 is provided for each of the first 

and second well bores 12 and 32 and extends to the corresponding cavity 20 and 34. 
The cavities 20 and 34 provide a reservoir for accumulated fluids that may act as a 
surge tank and that may allow intermittent pumping without adverse effects of a 
hydrostatic head caused by accumulated fluids in the well bores 12 and 32. As a 
10 result, a large volume of fluids may be collected in the cavities 20 and 34 without any 
pressure or any substantial pressure being exerted on the formation from the collected 
fluids. Thus, even during non-extended periods of non-pumping, water and/or gas 
may continue to flow from the well bore patterns 60 and 90 and accumulate in the 
cavities 20 and 34. 

15 The pumping units 120 include an inlet port 122 in each cavity 20 and 34 and 

may comprise a tubing string 124 with sucker rods 126 extending through the tubing 
string 124. Each inlet 122 may be positioned at or just above a center height of the 
corresponding cavity 20 or 34 to avoid gas lock and to avoid debris that collects in the 
sump. The inlet 122 may be suitably angled with or within the cavity. 

20 The sucker rods 126 are reciprocated by a suitable surface mounted apparatus, 

such as a powered walking beam 128 to operate the pumping unit 120. In another 
embodiment, the pumping unit 120 may comprise a Moineau or other suitable pump 
operable to lift fluids vertically or substantially vertically. The pumping units 120 are 
used to remove water and entrained coal fines from the coal seam 1 5 via the well bore 

25 patterns 60 and 90. Once the water is removed to the surface 14, it may be treated in 
gas/water separator 106 for separation of methane which may be dissolved in the 
water and for removal of entrained fines. 

After sufficient water has been removed from the coal seam 15, via gas lift, 
fluid pumping or other suitable manner, or pressure is otherwise lowered, coal seam 

30 gas may flow from the coal seam 15 to the surface 14 through the annulus of the first 
and second well bores 12 and 32 around the tubing strings and be removed via piping 
attached to a wellhead apparatus. 
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The pumping unit 120 may be operated continuously or as needed to remove 
water drained from the coal seam 15 into the enlarged cavities 20 and 34. In a 
particular embodiment, gas lift is continued until the wells are kicked-off to a self- 
sustaining flow at which time the wells are briefly shut-in to allow replacement of the 
5 gas lift equipment with the fluid pumping equipment. The wells are then allowed to 
flow in self-sustaining flow subject to periodic periods of being shut-in for 
maintenance, lack of demand for gas and the like. After any shut-in, a well may need 
to be pumped for a few cycles, a few hours, days or weeks, to again initiate self- 
sustaining flow or other suitable production rate of gas. In a particular embodiment, 

10 the rod pumps may each produce approximately eight gallons per minute of water 
from a corresponding cavity 20 or 34 to the surface. A well is at self sustaining flow 
when the flow of gas is operable to lift any produced water such that the well may 
operate for an extended period of six weeks or more without pumping or artificial gas 
lift. Thus, the well may require periodic pumping between periods of self sustaining 

15 flow. 

FIGURE 5 illustrates one embodiment of the subterranean patterns 60 and 90 
for accessing the coal seam 15 or other subterranean zone. The patterns 60 and 90 
may be used to remove or inject water, gas or other fluids. The subterranean patterns 
60 and 90 each comprises a multi-lateral pattern that has a main bore with generally 

20 symmetrically arranged and appropriately spaced laterals extending from each side of 
the main bore. As used herein, the term each means every one of at least a subset of 
the identified items. It will be understood that other suitable multi-branching or other 
patterns including or connected to a surface production bore may be used. For 
example, the patterns 60 and 90 may each comprise a single main bore. 

25 Referring to FIGURE 5, patterns 60 and 90 each include a main bore 150 

extending from a corresponding cavity 20 or 34, or intersecting well bore 12 or 32, 
along a center of a coverage area to a distal end of the coverage area. The main bore 
150 includes one or more primary lateral bores 152 extending from the main bore 150 
to or at least approximately to the periphery of the coverage area. The primary lateral 

30 bores 152 may extend from opposite sides of the main bore 150. The primary lateral 
bores 152 may mirror each other on opposite sides of the main bore 150 or may be 
offset from each other along the main bore 150. Each of the primary lateral bores 152 
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may include a radius curving portion extending from the main bore 150 and a straight 
portion formed after the curved portion has reached a desired orientation. For 
uniform coverage, the primary lateral bores 152 may be substantially evenly spaced 
on each side of the main bore 150 and extend from the main bore 150 at an angle of 
5 approximately 45 degrees. The primary lateral bores 152 may shorten in length based 
on progression away from the corresponding cavity 20 or 34. Accordingly the 
distance between the cavity or intersecting well bore and the distal end of each 
primary lateral bore 152 through the pattern may be substantially equal for each 
primary lateral 152. 

10 One or more secondary lateral bores 154 may be formed off one or more of 

the primary lateral bores 152. In a particular embodiment, a set of secondary laterals 
154 may be formed off the first primary lateral bores 152 of each pattern 60 and 90 
closest to the corresponding cavity 20 and 34. The secondary laterals 154 may 
provide coverage in the area between the primary lateral bores 152 of patterns 60 and 

15 90. In a particular embodiment, a first primary lateral 154 may include a reversed 
radius section to provide more uniform coverage of the coal seam 15. 

The subterranean patterns 60 and 90 with their central bore and generally 
symmetrically arranged and appropriately spaced auxiliary bores on each side may 
provide a substantially uniform pattern for draining fluids from a coal seam 15 or 

20 other subterranean formation. The number and spacing of the lateral bores may be 
adjusted depending on the absolute, relative and/or effective permeability of the coal 
seam and the size of the area covered by the pattern. The area covered by the pattern 
may be the area drained by the pattern, the area of a spacing unit that the pattern is 
designed to drain, the area within the distal points or periphery of the pattern and/or 

25 the area within the periphery of the pattern as well as the surrounding area out to a 
periphery intermediate to adjacent or neighboring patterns. The coverage area may 
also include the depth, or thickness of the coal seam or, for thick coal seams, a portion 
of the thickness of the seam. Thus, the pattern may include upward or downward 
extending branches in addition to horizontal branches. The coverage area may be a 

30 square, other quadrilateral, or other polygon, circular, oval or other ellipsoid or grid 
area and may be nested with other patterns of the same or similar type. It will be 
understood that other suitable well bore patterns may be used. 
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As previously described, the well bore 150 and the lateral bores 152 and 154 
of patterns 60 and 90 are formed by drilling through the corresponding cavity 20 or 34 
using the drill string 50 and an appropriate drilling apparatus. During this operation, 
gamma ray logging tools and conventional MWD technologies may be employed to 
5 control the direction and orientation of the drill bit 52 so as to retain the well bore 
pattern within the confines of the coal seam 15 and to maintain proper spacing and 
orientation of the well bores 150 and 152. In a particular embodiment, the main well 
bore 150 of each pattern 60 and 90 is drilled with an incline at each of a plurality of 
lateral branch points 156. After the main well bore 150 is complete, the drill string 50 

10 is backed up to each successive lateral point 156 from which a primary lateral bore 
152 is drilled on each side of the well bore 150. The secondary laterals 154 may be 
similarly formed. It will be understood that the subterranean patterns 60 and 90 may 
be otherwise suitably formed. 

FIGURE 6 is a flow diagram illustrating a method for surface production of 

15 gas from a subterranean zone in accordance with one embodiment. In this 
embodiment, the subterranean zone is a coal seam and well system 10 with a pair of 
cavities is used to produce gas from the coal seam. It will be understood that the 
subterranean zone may comprise gas bearing shales and other suitable formations and 
that the well system 10 may have any suitable number of multi-purpose wells used to 

20 produce gas to the surface and to form bores for another producing well. 

Referring to FIGURE 6, the method begins after the region to be drained and 
the type of subterranean patterns for the region have been determined. In one 
embodiment, any suitable pinnate, other substantially uniform pattern providing less 
than ten or even five percent trapped zones in the coverage area, omni-directional or 

25 multi-branching pattern may be used to provide coverage for the region. 

At step 200, in an embodiment in which dual purpose wells are used, a first 
substantially vertical or other suitable well 12 is drilled from the surface 14 through 
the coal seam 15. Slant and other suitable well configurations may, for example, 
instead be used. In a slant well configuration, the drainage patterns may be formed 

30 off of a slant well or a slanting portion of a well with a vertical or other section at the 
surface. 
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Next, at step 202, down hole logging equipment is utilized to exactly identify 
the location of the coal seam 15 in the first well bore 12. At step 204, the first 
enlarged diameter or other cavity 20 is formed in the first well bore 12 at the location 
of the coal seam 15. As previously discussed, the first cavity 20 may be formed by 
5 underreaming and other suitable techniques. For example, the cavity may be formed 
by fracing. 

Next, at step 206, the second substantially vertical or other suitable well 32 is 
drilled from the surface 14 through the coal seam 15. Slant or other suitable well 
configurations may instead be used. At step 208, down-hole logging equipment is 

10 utilized to exactly identify the location of the coal seam 15 in the second well bore 32. 
At step 210, the second enlarged diameter or other cavity 34 is formed in the second 
well bore 32 at the location of the coal seam 15. The second cavity 34 may be formed 
by any other suitable technique. 

Next, at step 212, the first articulated well bore 40 is drilled off the second 

15 well bore 32 to intersect the enlarged diameter cavity 20 of the first well bore 12. At 
step 214, the main well bore 150 for the first subterranean pattern 60 is drilled through 
the first articulated well bore 40 into the coal seam 15. As previously described, 
lateral kick-off points, or bumps may be formed along the main bore 150 during its 
formation to facilitate drilling of the lateral bores 152 and 154. After formation of the 

20 main well bore 150, lateral bores 152 and 154 for the subterranean pattern are drilled 
at step 216. 

At step 218, the second articulated well bore 80 is drilled off the first well bore 
12 to intersect the large diameter cavity 32 of the second well bore 32. At step 220, 
the main well bore 150 for the second subterranean pattern 90 is drilled through the 

25 second articulated well bore 80 into the coal seam 15. As previously described, 
lateral kick-off points or bumps may be formed along the main bore 150 in its 
formation to facilitate drilling of the lateral bores 152 and 154. At step 222, lateral 
bores 152 and 154 for the second pattern 90 are formed. 

At step 224, gas lift equipment is installed in each of the first and second well 

30 bores 12 and 32 in preparation for blow-down of the bores. At step 226, compressed 
air is pumped down the substantially vertical well bores 12 and 32 to provide blow- 
down. The compressed air expands in the cavities 20 and 34, suspends the collected 
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fluids within its volume and lifts the fluid to the surface. At the surface, air and 
produced methane or other gases are separated from the water and flared. The water 
may be disposed of as runoff, reinjected or moved to a remote site for disposal. In 
addition to providing gas lift, the blow-down may clean the cavities 20 and 34 and the 
5 vertical well bores 12 and 34 of debris and kick-off the well to initiate self-sustaining 
flow. In a particular embodiment, the blow-down may last for one, two or a few 
weeks. 

At step 228, production equipment is installed in the substantially vertical well 
bores 12 and 34 in place of the gas lift equipment. The production equipment may 

10 include a well head and a sucker rod pump extending down into the cavities 20 and 34 
for removing water from the coal seam 15. If a well is shut in for any period of time, 
water builds up in the cavity 20 or 34 or self-sustaining flow is otherwise terminated, 
the pump may be used to remove water and drop the pressure in the coal seam 1 5 to 
allow methane gas to continue to be diffused and to be produced up the annulus of the 

15 substantially vertical well bore. 

At step 230, methane gas diffused from the coal seam 15 is continuously 
produced at the surface 14. Methane gas may be produced in two-phase flow with the 
water or otherwise produced with water and/or produced after reservoir pressure has 
been suitably reduced. Proceeding to step 232, water that drains through the drainage 

20 patterns into the cavities that is not lifted by the produced gas is pumped to the surface 
with the rod pumping unit. Water may be continuously or intermittently pumped as 
needed for removal from the cavities 20 and 34. 

Next, at decisional step 234 it is determined whether the production of gas 
from the coal seam 15 is complete. In a particular embodiment, approximately 

25 seventy-five percent of the total gas in the coverage area of the coal seam may be 
produced at the completion of gas production. The production of gas may be 
complete after the cost of the collecting the gas exceeds the revenue generated by the 
well. Alternatively, gas may continue to be produced from the well until a remaining 
level of gas in the coal seam 15 is below required levels for mining or other 

30 operations. If production of the gas is not complete, the No branch of decisional step 
234 returns to steps 230 and 232 in which gas and/or water continue to be removed 
from the coal seam 15. Upon completion of production, the Yes branch of decisional 
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step 234 leads to the end of the process by which gas is produced from a coal seam. It 
will be understood that one or more steps may be modified, omitted, or performed in a 
different order. Additional steps may be added. 

FIGURE 7 illustrates another embodiment of the subterranean patterns 60 and 
5 90 for accessing the coal seam 15 or other subterranean zone. As previously 
discussed the subterranean patterns 60 and 90 may each comprise a multi-lateral 
pattern that has a main bore with generally symmetrically arranged and appropriately 
spaced laterals extending from each side of the main bore. In the embodiment of 
FIGURE 7, the patterns 60 and 90 are each formed with laterals extending from the 

10 main bore before and after interception of the corresponding cavity 20 or 34. 

Referring to FIGURE 7, patterns 60 and 90 may each include a main bore 250 
extending through a corresponding cavity 20 or 34, or intersecting well bore 12 or 32, 
along a center of a coverage area. The main bore 250 includes one or more primary 
lateral bores 252 extending from the main bore 250 to or at least approximately to the 

15 periphery of the coverage area. The primary lateral bores 252 may extend from 
opposite sides of the main bore 250. One or more secondary lateral bores 254 may be 
formed off one or more of the primary lateral bores 252. In a particular embodiment, 
a set of secondary lateral bores 254 may be formed off the first primary lateral bore 
252 of each pattern 60 and 90. 

20 The patterns 60 and 90 may be formed with the cavities 20 and 34 between 

laterals 252 to achieve a desired spacing. For example, the wells 12 and 32, and thus 
cavities 20 and 34, may be vertical and offset a minimum well statutory spacing by 
forming laterals 252 and 254 between the cavities 20 and 34. As a result, in one 
embodiment, for example, spacing requirements may be met and/or special 

25 exemptions or permission requests avoided while still providing access to the 
coverage area. 

Although the present invention has been described with several embodiments, 
various changes and modifications may be suggested to one skilled in the art. It is 
intended that the present invention encompass such changes and modifications as fall 
30 within the scope of the appended claims and their equivalence. 
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